A meta-data analysis has been performed of high-resolution imagery that have been acquired over the last four decades from Mars. More specifically, we are interested in two independent image parameters, the time that each image was acquired and the spatial resolution with which the planetary region is mapped in the image. We are only interested in mapping changes in high-resolution images. We use two different upper thresholds to discriminate them from low-resolution images, twenty metres and a hundred metres per pixel. In order to be able to extract semantic information about the temporal and spatial distribution of high-resolution Martian imagery we adopt two grouping strategies. In the first, images are clustered according to the time period (counted in Martian Years) that they were acquired, so as to examine whether sporadic Martian phenomena can be identified (e.g. a new crater) from imagery that depict the same area in different time periods. In the second grouping, images are clustered according to the Martian season that they were acquired, so as to examine whether seasonal Martian phenomena can be identified from imagery that depict the same area during the same season. This analysis supports the hypothesis that there is sufficient coverage for both tasks, since the Martian surface has been mapped at least once in each epoch and more than twice since 2002 and for each season at least 10% of Martian surface has been mapped at least three times. The resulting maps and graphical plots will be presented will provide additional detail to this report.
INTRODUCTION
Starting from Viking Orbiter 1, launched in August 1975, several, mainly NASA, spacecraft have been sent into orbit around Mars to image its surface. Initial analyses of these early images indicated a planet with similar characteristics to the Moon pitted with craters and large volcanic and tectonic features but apparently "dead" from a geological perspective. Recently, scientific interest has shifted towards repeat highresolution imaging, which allows the identification of previously undiscovered geological phenomena and surface features as well as the examination of surface composition and geological history.
The increasing coverage of Mars orbiters, carrying highresolution cameras, allows a more comprehensive dynamic analysis of the Martian surface, i.e. the analysis of the temporal evolution of certain areas that display natural processes that happen over time. The latter can be roughly classified into two major categories; processes that happen seasonally during each and every Martian season (e.g. seasonal flows in high latitude areas (McEwen, 2011) and sporadic events that do not follow some iterative pattern (e.g. new impact craters, Byrne, 2009) . In this work we conduct two temporal groupings of Mars imaging products, the first examining product distribution through time, so as to point out areas that favour the search for sporadic events, and the second product distribution per season, in order to identify areas favouring the search for periodic events.
The rest of the paper is structured as follows. Input metadata and methods are presented in the Section 2, followed by results and a sample of the maps that are going to be presented in the conference, which are given in Section 3. Future work will conclude this report.
MATERIALS AND METHODOLOGY
A Martian day (i.e. a "sol") lasts 24 hours, 39 minutes and 35 seconds and a Martian year approximately 668.6 sols (Allison, undated) . Due to the fact that the orbit of Mars around the Sun is elliptical, the seasons of Mars are not of equal duration. The length of spring, summer, autumn and winter is 193.3, 178.64, 142.7 and 153.95 sols, respectively (loc.cit.) . In order to be able to deal with this, it is common to count Martian time through areocentric longitude Ls, which is the relative seasonal advance of the Sun, counted in degrees. (Clancy, 2000) . This places 1 st January 2014 at the end of spring of MY32 and Viking Orbiter launch at MY11.
Consequently, the currently available products are drawn from a period of ~20-21 Martian years. However, imaging over that time period is discontinuous and non-uniform. Instead, analysis of the metadata demonstrate mainly episodic imaging with a gap of 9 Martian years between MY14 and MY23 that reduce the actual imaging range to ~11 Martian years overall.
In particular, six orbiter missions have conducted extensive high-resolution mapping of the Martian surface, viz. NASA's Viking Orbiter 1, Viking Orbiter 2, Mars Global Surveyor, Mars Odyssey and Mars Reconnaissance Orbiter and ESA's Mars Express. The Viking Orbiter missions were the first to perform extensive orbital mapping of the Martian surface. Viking Orbiter 1 launched on 20 August 1975 followed by Viking Orbiter 2, 20 days later (Soffen & Synder, 1976a) . Both of them reached Mars at the beginning of the northern hemisphere summer of Mars Year 12 (Soffen, 1976b) and performed global mapping during MY 12-14. The resolution varied from less than 10 metres per pixel to more than 1 km per pixel.
After an absence of almost 17 years, the Mars Global Surveyor, with the Mars Orbiter Cameras -Narrow Angle (MOC-NA) and Wide Angle (MOC-WA) -onboard, reached Mars in September of 1997 (Albee et al., 2001) , at the end of the northern hemisphere summer of Mars Year 23. The extensive imaging of the Martian surface using these two cameras continued until 3 November 2006 (Ls 130, MY 28), during which 97,097 MOC-NA and 146,591 MOC-WA images were acquired (Malin et al., 2010) . MOC-NA acquired images from selected regions of interest with a spatial resolution varying from 1.5 to 12 metres per pixel while MOC-WA repeatedly covered the planet with imagery of resolution from 240 metres to 7.5 kilometres per pixel.
The next NASA orbiter to reach Mars with an imager onboard was 2001 Mars Odyssey. Mars Odyssey started acquiring imagery from 24 October 2001 (Ls 258, MY 25) and is still working at the end of MY 31 (which is the temporal limit in this work). It is thus the longest surviving orbiting imager. Images are taken with the Thermal Emission Imaging System (THEMIS) (Christensen et al., 2004) , which consists of THEMIS-VIS for images and the THEMIS-IR for infrared images. The nominal target for the THEMIS-VIS was to map 60% of the Martian surface with resolution of 18 metres per pixel, but due to its longevity it has significantly surpassed this limit. It should be noted that in our statistical analysis we take into account only visible spectrum images (i.e. only THEMIS-VIS) and not infrared at this stage.
The only non-NASA orbiter mission that has achieved near global coverage of Martian surface up until the present-day is the High Resolution Stereo Coverage (HRSC) camera on board ESA's Mars Express (Scholten, 2005) . HRSC is the only 3D mapping camera launched to date, designed to achieve global coverage of the Mars surface with 12.5-25 metres per pixel resolution, which is being used to generate a 3D model of the surface with spatial resolution of 50m-100m. Onboard are two high-resolution cameras, the High Resolution Imaging Science Experiment (HiRISE) (McEwen et al., 2007) and the Context Camera (CTX) (Malin et al., 2007) . The former acquires images with 0.25-0.5 metres per pixel resolution in selected regions of interest, while the latter images with 6-12 metres per pixel resolution at a global scale. Both of them continue to operate until the end of the time period that is under examination.
It can be deduced from the above meta-data that imaging cameras have pixel resolutions that vary from 25 centimetres per pixel for HiRISE to thousands of metres per pixel. In order to impose some homogeneity in our analysis and to focus on change related to surface features, all images with resolution coarser than 100m per pixel are ignored. This leads to ignoring all MOC-WA as well as many Viking Orbiter products. The rest of the images are grouped into two classes. The former, named "F"ine, consists of images with resolution finer than 20 metres per pixel and includes a sub-set of THEMIS-VIS, HRSC, Viking Orbiter 1 and Viking Orbiter 2 images, and all MOC-NA images, CTX and HiRISE images. On the other hand, the latter, named "C"oarse, consists of the rest of the images with 20-100 metres resolution.
F and C images are further decomposed into 2 further groups, using a different clustering criterion. More specifically, F images (C images) that were acquired at MY12 to MY14, MY23 to MY25, MY26 to MY28 and MY29 to MY 31 are grouped into sub-classes F12, F23, F26 and F29 (C12, C23, C26 and C29), respectively, while F images (C images) that were acquired during Martian spring, summer, autumn, winter are grouped into sub-classes F1, F2, F3 and F4 (C1, C2, C3 and C4), respectively.
ANALYSIS RESULTS
The overall spatial surface coverage that each camera has achieved can be found in Table 1 . This Table demonstrates that the coverage of orbiter cameras can be classified into two categories, the former focusing on imaging specific Martian surface regions with very high-resolution (MOC-NA, HiRISE) whilst the latter is focused on imaging the entire surface of Mars, at the expense of very high resolution (THEMIS-VIS, HRSC, CTX). From analysis of these three cameras, HRSC has achieved the most complete mapping of the Martian surface whilst CTX has the finest resolution mapping. Furthermore, the longevity of THEMIS-VIS results in 81.8% coverage (compared to 60%, which was the nominal goal), thus providing an additional global Mars imagery source. Overall, these statistics demonstrate that for a large part of the Martian surface area these 3 different imaging sources contain most of the images with resolution finer than 100m per pixel. MOC-NA and HiRISE provide additional sources for regions of increased scientific interest, whilst Viking Orbiter allows the analysis of the long-term temporal evolution of approximately 20% of the Martian surface for the last 20 Martian Years. It becomes apparent from Table 3 that Mars was imaged during a minimum of two different time periods, in MY26-28 (4/02-12/07) and MY 29-31 (12/07-7/13), respectively. During the first period, two different "global" Mars sets can be found, the first including the 89.79% of the surface with high resolution (i.e. finer than 20 metres per pixel) and the second including the 67.57% of the surface with medium resolution (finer than 100 metres but coarser than 20 metres per pixel). On the contrary, during the last time period, the medium resolution mapping seems to be gradually abandoned, since only 33.71% of the surface has been mapped at such a resolution.
Camera
Another conclusion that can be derived from this [23] [24] [25] . This shows that temporal analysis can be straightforwardly conducted only for the last (earth) decade, while it will be necessary to analyse imagery with different resolution for older epochs.
Finally, in Table 4 , statistics of the coverage at different Martian seasons are reported. A first conclusion that can be derived is that the coverage is independent from the season duration. These conclusions are further demonstrated in Figures 1 and 2 , which demonstrate a global coverage map of Mars for NH summer (90 o <Ls<180 o ) and winter (270 o <Ls<360 o ). In both maps only images with resolution finer that 20 metres per pixel are taken into account. Furthermore, "reddish" areas depict regions that are repeatedly imaged (up to 345 times for summer and 196 times for winter) whilst "bluish" areas regions that have sparse repeat coverage. The background MOLA image can be only be observed in areas that are never imaged during the corresponding season. Figures 1 and 2 show evidence that during NH summer mostly north hemisphere regions are mapped whilst during NH winter mostly southern hemispheric regions are mapped. Moreover, the high latitudinal coverage gap of summer is explained by the high concentration of images to the North Pole, which is an area of extensive scientific interest. The above Figures are examples from only 2 of the 24 maps (namely, maps F2 and F4) that will be presented during the ISPRS TCIV symposium and are omitted here due to lack of space. From these 24 maps, 16 correspond to the previously discussed sub-classes, i.e. they would be a plot of the number of times each Martian region was imaged at the sub-class context. For example, a pixel with a value 12 in an F2 map would correspond to an area that was mapped 12 times during NH summer with resolution finer than 20 metres per pixel. The map raster grid is 500mx500m using a sinusoidal projection. Additionally, since polar regions are of major interest 8 further availability maps will be presented for "N"orth and "S"outh polar regions using the season-based decomposition and F image group (i.e. N1, N2, N3, N4, S1, S2, S3 and S4). In this case stereographic projection will be used and a 100mx100m raster.
CONCLUSIONS
In this paper we have conducted a temporal sampling analysis of all the high-resolution Mars imaging products that are available from MY 12 (i.e. Viking Orbiter missions in 1977) until the end of MY 31, which corresponds to 31 July 2013. Through this analysis we have shown that for a substantial part of Mars multiple high-resolution imaging products acquired at different time and in the same Martian season can be found. This allows us, within the Martian geological context, to assess the potential of change detection for each geographic region on the Martian surface, which will be the focus of our future research. A similar analysis is planned for the Moon in future.
